Objectives. We compared national and state-based estimates for the prevalence of mammography screening from the National Health Interview Survey (NHIS), the Behavioral Risk Factor Surveillance System (BRFSS), and a modelbased approach that combines information from the two surveys.
The U.S. Preventive Services Task Force (USPSTF) recommends screening mammography, with or without clinical breast examination, every one to two years for women aged 40 years and older. 1 Approximately 50% of the recent decrease in breast cancer mortality can be attributed to mammography screening, with adjuvant treatments contributing the remaining half. 2 Population estimates of mammography prevalence rates in the U.S. are primarily obtained from national surveys such as the National Health Interview Survey (NHIS) and the Behavioral Risk Factor Surveillance System (BRFSS) survey. 3, 4 Both surveys are important in tracking cancer screening and other national health objectives. 5 Prevalence estimates for geographical areas, such as states, are also important, as much of public health policy is carried out at the state or local level. While the most recent prevalence-level estimates are used for intervention planning, [6] [7] [8] trends in prevalence are also important for surveillance and resource allocation. 9 Both the NHIS and the BRFSS have advantages and disadvantages for providing state-level prevalence estimates. The NHIS is a high-response-rate, nationally representative survey of all households that collects information based on face-to-face interviews. Although the NHIS sam ples from all 50 U.S. states and the District of Columbia (DC) each year, it is designed to produce reliable estimates for the nation and Census regions but not necessarily for all states. 10 In contrast to the NHIS, the BRFSS is conducted by telephone with a single, randomly selected adult resident of each surveyed household and is designed to produce state-based estimates. The strength of the BRFSS is the large sample taken in each state, but the BRFSS has potential biases due to noncoverage and nonresponse, 11 although it uses post-stratification weights to mitigate such potential biases.
A recent study for the period 1997-2000 suggested differences of practical significance in prevalence estimates for mammography screening between the NHIS and the BRFSS. 12 Due to the large differences between the estimates from the two surveys, non-sampling causes should be investigated. Numerous factors could cause bias in survey estimates for a particular year, over time for the same survey, and between surveys over time. 13 The different response modes of the BRFSS (telephone) vs. the NHIS (in-person) could cause a difference. Other factors that could cause survey bias or a difference between the two survey estimates include differences in survey design, data collection operations, question and response wording, proxy responses, noncoverage, and nonresponse.
Telephone coverage varies among the states and is also lower among minority and low-income house-holds. 14 Telephone survey estimates could be biased for outcomes in which there is a substantial difference concerning the outcome of interest between telephoneequipped and non-telephone-equipped households. Weighting adjustments have been proposed to reduce the potential noncoverage bias due to non-telephoneequipped households. 15, 16 Survey response rates have been falling for all types of surveys, both nationally and internationally. 17, 18 However, survey nonresponse does not necessarily imply survey bias. 19, 20 The study goals were to (1) demonstrate the difference between the estimated mammography prevalence levels and trends from the NHIS and the BRFSS at both the national and state levels and (2) demonstrate the utility of model-based (MB) state-level estimates based on the use of data from both surveys simultaneously. 12 The MB approach seeks to incorporate the surveys' strengths while minimizing the effects of their weaknesses. In particular, the MB approach adjusts for the possible nonresponse and noncoverage biases of the telephone survey while using the large BRFSS state sample size to increase precision.
METHODS

Data
Consistent with USPSTF guidelines for mammography screening, 1 we used results from the BRFSS and the NHIS for the period 1997-2003 to estimate the proportion of women who have had a mammogram in the past two years, among those aged 40 years or older. The mammography questions were available for four of the seven years from the NHIS (1998, 1999, 2000, and 2003 ) and for five of the seven years from the BRFSS (1997-2000 and 2002) . BRFSS data were used only for the years when mammography was used as a core question (i.e., when all states used the question).
There are slight differences in the mammography questions on the two surveys. Both surveys use a leadin question that defines a mammogram and asks the woman if she has ever had one. If the woman responds "no," the second question eliciting the time since the last mammogram is skipped in both surveys. The BRFSS and the NHIS forms of the second question, used to determine whether the woman is on schedule (i.e., mammogram within the last two years), are as follows:
BRFSS form: How long has it been since you had your last mammogram? Possible responses include:
Within past year (one to 12 months ago) 2. Within past two years (one to two years ago) 3. Within past three years (two to three years ago) 4. Within past five years (three to five years ago) 5. Five or more years ago 6. Don't know/not sure 7. Refused NHIS form: When did you have your most recent mammogram? Was it a year ago or less, more than one year but not more than two years, more than two years but not more than three years, more than three years but not more than five years, or more than five years ago? Possible responses include:
A year ago or less
2. More than one year but not more than two years 3. More than two years but not more than three years 4. More than three years but not more than five years 5. More than five years ago 6. Refused
Don't know
For both surveys, women who answer 1 or 2 are deemed to have obtained a test within the last two years and, hence, to be on schedule (responses of 6 or 7 were excluded in the estimation of rates). In some survey years, the NHIS has allowed additional response modes in which the woman was allowed to specify the date of her last mammogram or a specific length of time.
To increase sample size for state estimation, we aggregated data over years to produce NHIS and BRFSS state and national prevalence estimates (using established methodology) for two time periods: 1997-1999 and 2000-2003. 21, 22 Each estimate represents a mean value for the time period. We calculated standard errors of parameter estimates for the two surveys using statistical methods that accounted for the survey design, and assessed statistical significance of various differences by using 95% confidence intervals (CIs) for the differences. 23 We included the information from 26 socioeconomic-demographic state-level covariates (obtained from U.S. Census, survey, and administrative record sources) considered to be related to mammography screening propensity or to survey response propensity in the model. [24] [25] [26] [27] [28] [29] To minimize the impact of influential values and to eliminate computational problems that have occurred with hierarchical models, covariates were log transformed and standardized to have a mean of 0 and standard deviation of 1. 30 To reduce the number of covariates and eliminate the possibility of multicol-linearity, we conducted a principal component analysis (using maximum likelihood estimation) on the initial set of 26 covariates, which resulted in the use of eight principal components. The BRFSS state response rate, which was computed as a mean of the state-level yearly rates over the time period, was included as an additional covariate, 31 along with an indicator variable for the time period.
Model-based estimation
We constructed MB mammography estimates for all states and the nation using a hierarchical model that was documented previously; 12 the method is outlined in this article, with the model summarized in Figure 1 .
In the first stage of the model, we used an approximate sampling distribution for the three state-level direct-prevalence estimates (NHIS telephone, NHIS non-telephone, and BRFSS) conditional on state-level population parameters. We used the NHIS question "Is there at least one telephone INSIDE your house that is currently working?" to determine the respondent's household telephone status.
We obtained design-unbiased NHIS state estimates for telephone and non-telephone households using weights that adjust for selection probability and nonresponse. A key assumption in the first stage of the model was that the NHIS telephone (and nontelephone) estimates were unbiased, whereas the BRFSS estimates were possibly biased. We expressed potential BRFSS nonresponse and noncoverage biases in terms of differences in the expected values of the sampling distributions of the direct estimates. In the second stage, we expressed the between-state variation in the population parameters in terms of state-level covariates. In the analysis, we used NHIS state identifiers for respondents, which are not available in the NHIS public-use files.
We used a Bayesian approach to estimate the model parameters (and obtain standard errors) via the Markov-Chain Monte Carlo method. 32 We estimated the state mammography prevalence rates for the populations of households with and without telephones and combined these as Mp t +(1-M)p nt , where p t and p nt were the MB state prevalence estimates for telephone and non-telephone households, respectively, and M was the state proportion of telephone households obtained from the 2000 U.S. Census.
The MB approach seeks to correct for potential biases in BRFSS estimates in two ways, while taking advantage of their precision. Using information on differences between NHIS state-level estimates for telephone households and BRFSS estimates, we modeled possible biases in BRFSS estimates of the Figure 1 . A brief summary of the methodology used to construct model-based mammography estimates using a hierarchical model telephone-household component. Also, based on NHIS state-level estimates for non-telephone households, we modeled an adjustment for noncoverage of such households in the BRFSS.
Evaluation of estimates
Due to model assumptions regarding bias, we expected the agreement between the MB and the NHIS estimates to increase with the NHIS sample size. 33, 34 To evaluate whether this occurred, we partitioned the states into three groups (Groups 1-3) based on the NHIS sample size, where Group 1 comprised the 17 states with the largest NHIS state sample sizes and Group 3 comprised the 17 states with the smallest NHIS state sample sizes. We compared the differences between the MB and the NHIS state prevalence estimates graphically and by root mean square (RMS) differences by group. The RMS deviation for the MB and NHIS estimates was computed using
where the NHIS direct and the MB prevalence estimates for state i were labeled as NHIS i and i MB , respectively, and the summation was over the 17 states in the group. We contrasted the graphical and RMS comparisons between the MB and NHIS estimates with the differences between the MB and BRFSS estimates.
RESULTS
National-level results
We observed large differences between the NHIS and the BRFSS national-level prevalence estimates ( Table 1 ). The BRFSS estimate exceeded the NHIS estimate by 7.8 percentage points (95% CI 7.0, 8.6) and 6.6 percentage points (95% CI 5.7, 7.4) in the two time periods (1997-1999 and 2000-2003) , respectively ( Table 2 ). In contrast, the estimates of change (trend) from the two surveys were more similar; the estimated increase in mammography screening between the two time periods was 3.7% (95% CI 3.2, 4.2) for the BRFSS and 4.9% (95% CI 3.8, 6.0) for the NHIS (Table  1) . Although these two trend estimates differed by only 1.2%, the difference was statistically significant (p50.04) due to the large sample sizes. As shown in Table 2 , the differences between the national estimates of prevalence for MB and NHIS were small in both time periods (-0.1% and 0.3%, respectively). In contrast, the prevalence differences between the MB and BRFSS estimates were of practical significance in both time periods (7.8 and 6.8, respectively). The differences between estimated national prevalence for the NHIS telephone and non-telephone households were large: 28.5% (95% CI 23.0, 34.0) and 35.8% (95% CI 30.2, 41.5), respectively, during the two time periods, thereby indicating the potential for non-telephone, noncoverage bias. However, at the national level, the potential telephone-only coverage bias was not large, as evidenced by the small prevalence difference between the NHIS telephone "only" and "all" groups in both time periods (0.5% in both time periods).
State-level results
The RMS differences of the MB and the two direct estimates for the three state groups are shown in Table  3 . For the two time periods and their differences, the RMS values were smaller for the NHIS than for the BRFSS within all groups, showing the expected greater fidelity of the MB estimates to the NHIS estimates than to the BRFSS estimates. Also, the increasing fidelity of the MB estimates to both the NHIS and the BRFSS estimates as the NHIS sample size increased was demonstrated for both prevalence levels and trend (e.g., the RMS values decreased with increasing NHIS state sample size). However, for the prevalence difference (in contrast to prevalence level) the RMS values for the BRFSS were more similar to those of the NHIS. (1) the BRFSS state prevalence estimates were uniformly larger than the NHIS direct estimates and (2) the MB prevalence estimates tracked the NHIS direct estimates. Figure 4 shows that while the MB estimates of change tracked the NHIS direct estimates, the BRFSS estimates fluctuated about the NHIS values. This is consistent with the national-level results ( Table 2) , showing that there was considerable difference in prevalence levels but smaller trend differences between the two surveys. 
Impact of the covariates
The first eight principal components (labeled PC1 to PC8), which explained more than 90% of the total variation, were used as the primary covariates. The coefficients (available upon request) have the following interpretations: • PC8: Higher scores for states with a high percentage of high school graduates but a low percentage of college graduates and a lower percentage of people who commute more than 30 minutes to work (highest scores for Indiana and California; lowest scores for Vermont and New York) Table 4 shows estimated coefficients and tests of statistical significance for the model parameters, which measure the impact of the principal components and response rate on the mammography propensity. For telephone households, six components were statistically significant: four (PC1, PC2, PC4, and PC6) were positively associated and two (PC7 and PC8) were negatively associated with mammography propensity. None of the coefficients was statistically significant for nontelephone households, possibly due to small sample sizes. Four of the principal components (PC2, PC4, PC6, and PC8) had statistically significant coefficients for prevalence differences between the two surveys for telephone households. The coefficient of the BRFSS state response rate was not statistically significant.
DISCUSSION
NHIS and BRFSS direct estimate comparison
In each time period (1997-1999 or 2000-2003) , the BRFSS national-level prevalence estimate for mammography was at least 6.6 percentage points larger than the NHIS estimate. These national-level differences are larger than those published for other outcome measures previously, 21 are of practical significance for this important measure in the war on cancer, and should be studied further. Similarly, the BRFSS state estimates were consistently larger than the NHIS state estimates for both time periods. In contrast to the prevalence-level estimates, the national estimates for trend (computed as the differences of the estimates for the two time periods) for the two surveys were more comparable. In addition, the state estimates for trend were comparable and did not exhibit a consistent pattern (e.g., larger values for the BRFSS estimate).
Limitations
Differences in data collection time, proxy responses, question wording, coverage rates, response modes, response rates, and weighting methodology could cause differences between two survey estimates. 35 Due to the intermittent inclusion of the mammography questions in both the NHIS and the BRFSS, different years were used in the analysis for the two surveys. Within the two time periods, the BRFSS survey years used were earlier on average than the NHIS years. Because the mammography rates increased during this period, the differences in prevalence between the two surveys would have been even greater than those observed if data from the same years had been available for analysis.
The use of proxy responses by the NHIS could have caused a slight bias. However, because less than 1% of the NHIS responses were by proxy, this could not have explained the large difference between the prevalence estimates for the two surveys. The mammography ques-tion/response wording is different for the two surveys. Although further study is warranted, it is unlikely that it is the sole cause of the large difference in prevalence estimates between the two surveys.
The large difference in national-level mammography prevalence estimates for telephone and non-telephone households indicates the potential for noncoverage bias for areas or domains with large proportions of non-telephone households. However, because the NHIS "telephone only" prevalence estimate differed substantially from the BRFSS prevalence estimate in both time periods, the potential noncoverage bias does not appear to be the primary cause of the national-level prevalence difference.
The increasing use of cellular telephones offers an additional noncoverage problem for telephone surveys. Cellular telephones are excluded from telephone surveys such as the BRFSS due to legal, ethical, and technical concerns. 36 The U.S. percentage of cellular-only households was less than 1% until the end of 2001; however, by the second half of 2003 it had reached 4%. 37, 38 Because the use of cellular telephones is less common among older adults, 36 the impact on the mammography prevalence estimates for women aged 40 and older should be small for the time period studied (1997) (1998) (1999) (2000) (2001) (2002) (2003) . However, to increase its overall coverage, the BRFSS has experimented recently with augmenting the random-digit-dialing survey results with those obtained from mail and Web modes. [39] [40] [41] The difference in response modes (telephone vs. in-person) could cause differences between the BRFSS and NHIS estimates. Comparisons of national-level direct-prevalence estimates from these two surveys for a variety of outcome measures using 1997 data indicated good correspondence, 21 while similar comparisons using 2004 data indicated more substantial differences. 42 The most consistent finding from early research was that the mode effect is insignificant. 43, 44 In particular, no mode effect was found using telephone and in-person interviews in a Florida mammography screening study. 45 However, more recent research has indicated possible mode effects for a variety of outcomes and related them to aspects of the questions and/or interviewer/responder interaction.
Higher current smoking prevalence rates have been obtained for current smoking for in-person vs. telephone responses in both the U.S. and Canada. 46, 47 In addition, randomized experiments have demonstrated that telephone respondents were more likely to present themselves in more socially desirable ways than were face-to-face respondents. 48 A portion of the prevalence difference could be attributable to a mode effect, where a telephone respondent is more likely to report herself in a more socially desirable fashion as one who has had a mammogram within the past two years.
There are also methodological differences between the BRFSS and the NHIS in the development of survey weighting adjustments. Another cause that cannot be dismissed for the mammography prevalence difference is a combination of response and coverage differences resulting in a disproportionate number of middle-class respondents in the BRFSS, as those at the extreme ends of the socioeconomic spectrum are less likely to respond to the telephone survey, owing to a lack of under standing of the concept of the survey, concerns about privacy, a lack of time, and other reasons. Estimation errors caused by differences of this type have been termed the "middle-class bias" of telephone surveys. 28, 49 The larger percentage of respondents in the middle class in the BRFSS compared with the NHIS has been demonstrated for the period 1997-2000. 11 In addition, those with lower education were found to be underrepresented in the BRFSS when compared with the Current Population Survey. 50 Without a weighting or other adjustment that uses SES, the BRFSS may provide too little statistical weight to those with low SES. Because lower-SES individuals have low mammography screening rates, 24 the absence of a weighting adjustment may lead to prevalence estimates for mammography screening that are too large. Recently, to remedy this general problem, researchers commissioned by the BRFSS included sociodemographic variables in the BRFSS statistical weighting procedure and found a substantial reduction in nonresponse bias for outcomes, such as mammography, that are strongly correlated with SES. 51 The sociodemographic variables will be incorporated in the BRFSS weights beginning in 2011.
MB estimates
As expected given the model assumptions about bias, the MB prevalence estimates were closer to the NHIS estimates than to the BRFSS estimates for both time periods and for the change (trend) between the two time periods-both for the nation and for the vast majority of states. The agreement of the MB state estimates with both the NHIS and the BRFSS state estimates was shown to increase with increasing NHIS state sample size for both periods and for the change between the two periods. While the MB estimates were closer to the NHIS estimates than to the BRFSS estimates, the difference was less pronounced for the change between the two time periods than for each of the time periods. The state-level covariates (through the principal components) were shown to be significantly related to the mammography prevalence for telephone households, with the expected positive relationships for SES, urbanicity, and age. [24] [25] [26] [27] In addition, four principal components were significantly related to the difference between NHIS and BRFSS telephone prevalence estimates-a result not previously demonstrated and worthy of further research. In addition, it may be useful to study the robustness of these conclusions to alternative estimation techniques for principal components. 52, 53 After adjusting for the other covariates, the BRFSS response rate was not a statistically significant predictor of the difference, which is consistent with literature suggesting that low survey response rates per se do not guarantee nonresponse bias. 20 
CONCLUSIONS
MB estimates, based on information from the two surveys, are a useful tool in representing combined information about mammography prevalence estimates from the two surveys. Our MB approach adjusted for the possible nonresponse and noncoverage biases of the telephone survey while using the large BRFSS state sample size to increase precision. The approach is general and could be applied to other health outcome measures including colonoscopy, Papanicolaou test, smoking, and other disease prevention activities. 12 
